Abstract. Plexiform fibromyxoma is a rare, benign mesenchymal neoplasm that predilects the gastric antrum and has potential for misdiagnosis as a gastrointestinal stromal tumor (GIST). The histology of the tumor is characterized by interwoven fascicular growth of cytologically bland spindled cells within a variably myxoid stroma. The current study reports the clinicopathological and immunohistochemical findings of a plexiform fibromyxoma resected from a 28-year-old Vietnamese female. The patient presented with acute, severe abdominal pain and worsening anemia. The initial fine-needle aspiration and needle core biopsy of the gastric antral mass led to an initial diagnosis of GIST. The subsequent distal partial gastrectomy revealed a 5.5-cm transmural antral mass that ulcerated the overlying mucosa and grew as variably elongated, myxoedematous, polypoid (cotyledon-like) excrescences from the serosal surface. Microscopically, the tumor demonstrated plexiform and multinodular growth of cytologically bland spindled cells proliferating in an abundant myxocollagenous stroma with a prominent capillary network. Tumor cells immunohistochemically expressed smooth muscle actin and CD10, but did not express CD117, Discovered on GIST-1 or nuclear β-catenin. Follow-up evaluation 23 months post surgery revealed no evidence of residual tumor. A review the cases of this rare entity reported in the English language literature is also provided.
Introduction
Plexiform fibromyxoma is a one of the very few types of mesenchymal neoplasm that predilect the stomach. Miettinen et al (1) published the largest series on the topic in 2009, coining the term 'plexiform fibromyxoma' for this benign spindle cell tumor. Although alternative designations for the process, including 'plexiform angiomyxoid myofibroblastic tumor' (2-9) and 'plexiform angiomyxoid tumor' (10) , have been proposed, these appellations fail to adequately convey the benign nature of the lesion. Indeed, plexiform fibromyxoma is the term currently accepted by the World Health Organization for this tumor (11) .
Microscopically, the tumor exhibits a characteristic plexiform growth pattern of small spindled cells in a myxoid or fibromyxoid stroma. The tumor shares a myofibroblastic immunophenotype with gastrointestinal stromal tumors (GISTs), which are the most common mesenchymal tumor of the stomach with an estimated incidence of >150 cases for every 1 case of plexiform fibromyxoma; although immunohistochemical positivity of CD117 and Discovered on GIST-1 (DOG-1) in GISTs aids in distinguishing the two entities (1) . This distinction is important as GISTs possess a greater potential for aggressive pathobiological behavior, whereas plexiform fibromyxomas are considered to be largely benign.
The present study reports the clinicopathological features of a plexiform fibromyxoma, excised from a 28-year-old female, that grew as multiple, variably sized, bulbous myxoedematous polypoid projections from the serosal surface. In supplement, a review of the pertinent English language literature regarding this rare neoplasm is presented.
Case report
A 28-year-old Vietnamese female presented to Northwestern Memorial Hospital (Chicago, IL, USA) in June 2013 with acute, severe abdominal pain and worsening anemia. Computed tomography (CT) of the abdomen and pelvis revealed a lobulated, heterogeneously-enhancing mass with both a solid and cystic component in the wall of the gastric antrum (Fig. 1A) . A fine-needle aspiration and needle core biopsy of the gastric mass demonstrated a myxoid spindle cell lesion with features suggestive of a GIST. As a result of these findings, the patient underwent a distal gastrectomy with a Roux-en-Y gastrojejunostomy.
The distal gastrectomy specimen contained a 5.5x3.5-cm, stellate-shaped, multinodular, yellow-tan-colored mass centered in the antral wall and which ulcerated the overlying mucosa (Fig. 1B) Fig. 1C and D) . At low-power microscopic magnification, intertwined pale, myxocollagenous nodules and fascicles of tumor infiltrated the entire thickness of the gastric wall ( Fig. 2A and B) and formed highly myxoedematous polypoid structures on the serosal surface. The myxocollagenous fascicles and nodules of tumor possessed an accentuated vascular component composed of non-branching capillaries and scattered mast cells (Fig. 2C) . High-power microscopic evaluation revealed mildly cellular fascicles of cytologically bland spindled cells with scanty, pale, eosinophilic cytoplasm and indistinct cell borders (Fig. 2D) . The mitotic count was 7 mitoses per 50 high-power fields, with no atypical mitotic figures identified. No necrosis was observed within the lesional tissue. All margins of resection were free of tumor. The intact mucosa overlying the tumor exhibited superficial chronic inflammation, but no Helicobacter pylori organisms were visually identified.
Immunohistochemically, the spindle cells diffusely expressed smooth muscle actin (SMA) (Fig. 3A) and focally expressed CD10 (Fig. 3B ), but were negative for CD117, DOG-1, CD34, S-100 protein, D2-40, keratin AE1/3 and nuclear β-catenin.
A follow-up CT scan performed one month after the surgery revealed no intra-abdominal pathology, and an esophagogastroduodenoscopy performed due to symptoms of dyspepsia 23 months following surgery revealed moderate stenosis of the gastrojejunal anastomosis, but no evidence of residual or recurring tumor. Any future follow-up for this benign tumor is presently on an 'as needed' basis.
Discussion
Plexiform fibromyxoma is a rare mesenchymal neoplasm that predilects the stomach and, as demonstrated in the present case, has the potential for misdiagnosis as the more common and often aggressive GIST.
In the English language literature, 32 previously reported cases of plexiform fibromyxoma were identified (Table I) (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (12) (13) (14) (15) (16) (17) (18) . The tumor has been documented in 19 females and 13 males, ranging in age from 7 to 75 years (mean, 40 years; median, 43 years). Symptoms reported at presentation vary and are non-specific, but most commonly include abdominal pain, ulceration, anemia and mass effects. The antrum of the stomach is involved in 88% of reported cases, with contiguous involvement of the pylorus and/or duodenum in an additional 7 cases. Isolated examples of plexiform fibromyxoma have been documented in the gastric fundus (14) , cecum (13), pyloroduodenal region (16) and posterior mediastinum (16) .
Grossly, the neoplasm ranges in size from 1.5 to 15 cm (median, 4.3 cm; mean, 5.2 cm). The cut surface of the lesion reveals a multinodular mass centered in the muscularis propria, with dome-shaped elevation and often ulceration of the mucosal surface. Subserosal nodules (1,2) and polypoid projections (10) have been briefly mentioned in a few reports 
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detailing the gross appearance of plexiform fibromyxoma.
Although GISTs may present primarily as an extramural polypoid mass in the stomach (19) , the presence of multiple subserosal myxoedematous polyps, as in the current case, is not a macroscopic feature of GISTs, whereas as it is in plexiform fibromyxoma and therefore may be used to differentiate the two tumor entities on a macroscopic level. We contend that the light microscopic features of plexiform fibromyxoma are relatively unique and allow an unequivocal diagnosis in the majority of cases. The process is characterized by an interwoven growth pattern of pale-appearing, mildly cellular fascicles and nodules of cytologically bland, short spindled cells proliferating in the myxoid and/or myxocollagenous stroma with an enriched network of simple capillary-sized vessels.
Immunohistochemically, plexiform fibromyxoma demonstrates a myofibroblastic phenotype with documented expression of SMA (n=26 cases) (1,2,4-10,14-18), vimentin (n=8) (2, 4, 6, 13, 14, 16, 18) , muscle specific actin (n=6) (5, 6, 10, 15) , desmin (n=9) (4, 5, 7, 8, 10, (16) (17) (18) , caldesmon (n=5) (5, 6, 10, 18) and calponin (n=3) (5, 10, 16) . Immunoexpression of CD10 (n=2) (1), nestin (n=1) (16) and progesterone receptor protein (n=1) (5) have also been documented. In the majority of reports (3,6,7,9,10,14,17,18 ), Ki-67 immunoexpression is 
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generally very low (≤2%). Notably, tumor cells do not express CD117 (cKIT), CD34, DOG-1, neurofilament, S-100 protein, nuclear β-catenin, epithelial membrane antigen, activin receptor-like kinase 1 (ALK-1), CDK4, Muc-4, estrogen receptor protein or keratins. Mutations in key exons ('hotspots') of the CD117 and platelet-derived growth factor receptor-α (PDGFα) genes are important in the pathogenesis and treatment of the GIST, and are found in ~85% of cases (20) . Molecular evaluation of GIST mutational 'hotspots' in these two genes has revealed 'wild-type' sequences in all cases of plexiform fibromyxoma tested (1,7,9,10,13) .
Plexiform fibromyxoma acts in a benign fashion with surgical excision despite the occasional presence of extragastric extension and/or lymphatic/vascular-space invasion by the tumor (1). To date, 21 patients have been reported to be alive without recurrent/persistent disease during follow-up periods ranging from 1 to 239 months (mean, 48 months; median, 12 months) (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (12) (13) (14) (15) (16) (17) (18) .
The differential diagnosis of plexiform fibromyxoma includes other myxoid spindle cell processes that involve the stomach. The myxoid variant of GIST is the predominant entity to consider in the differential diagnosis. Apart from plexiform epithelioid cell GIST variants (21) , conventional GISTs typically form a solitary nodular or, in certain cases, a dumbbell-shaped mass. Microscopically, GISTs are composed of larger spindled cells with more abundant, lightly eosinophilic cytoplasm that are arranged in more compact and cellular fascicles. An exaggerated degree of nuclear pallisading and/or perinuclear vacuolization is identified in certain spindle cell variants. Despite immunoexpression of muscle actins in both entities, GISTs typically express CD117 and DOG-1 (>90% of cases) (22) and CD34 (>80% of cases) (23) .
The inflammatory fibroid polyp is a benign lesion that has a predilection for the gastric antrum (24) . The process arises from the submucosa and may also involve the muscularis propria. In contrast to plexiform fibromyxoma, the lesion grows as a solitary and, often, polypoid mass. It is composed of cytologically bland epithelioid and short spindled cells typically arranged concentrically around vessels in a loose fibromyxoid stroma. The accompanying inflammatory infiltrate, rich in eosinophils, is a hallmark of the process and further helps to distinguish the lesion from fibromyxoma. Immunohistochemically, the inflammatory fibroid polyp is positive for CD34, but not SMA (20) . PDGFα gene mutations are common in the lesion (25) .
Gastrointestinal schwannoma is a benign peripheral nerve sheath tumor that arises primarily as an intramural gastric or colonic mass (26, 27) . Unlike plexiform fibromyxoma, gastrointestinal schwannoma grows as a solitary, unencapsulated nodule and frequently exhibits lymphoid aggregates or follicles at its periphery. The cells of schwannoma are typically larger than those of fibromyxoma and exhibit characteristic nuclear contour irregularities. Gastrointestinal schwannomas demonstrate strong and diffuse immunoexpression of S-100 protein, and little to no expression of SMA.
The myxoid variant of leiomyoma, on occasion, may exhibit plexiform growth. In contrast to fibromyxoma, the cells of leiomyoma are typically larger with centrally located, blunt-ended nuclei and brightly eosinophilic fibrillary cytoplasm, and frequently grow in a packeted or trabecular pattern. The immunoprofiles of the two lesions include similar expression of myoid markers.
Intra-abdominal fibromatosis is a locally aggressive myofibroblastic neoplasm that may arise from the pelvis or abdominal soft tissue, and can secondarily invade the walls of gastrointestinal viscera, thereby mimicking a primary process. It has a distinctly infiltrative growth pattern and does not exhibit true plexiform architecture. Although myxoid change may occur in fibromatosis, the lesion differs from fibromyxoma by its possession of larger cells that are evenly distributed within distinct, elongated fascicles. Along with SMA immunoexpression, fibromatosis characteristically exhibits nuclear expression of β-catenin in 75-90% of cases (28, 29) .
Mesenteric inflammatory myofibroblastic tumor has the potential to involve the gastric wall, simulating a primary lesion. The lesion may exhibit myxoid areas with spindled tumor cells growing in a fasciitis-like pattern. This process differs from fibromyxoma by exhibiting multi-patterned growth, a distinct population of larger cells with eosinophilic cytoplasm, and a conspicuous lymphoplasmacytic infiltrate (30) . In addition to SMA, >40% of cases exhibit ALK-1 immunoexpression (31) .
In summary, the current study reports a case of plexiform fibromyxoma, a rare mesenchymal gastric neoplasm that requires distinction from the more aggressive GIST. Attention to the characteristic gross and microscopic growth patterns, as well as the absence of CD117 and DOG-1 immunoexpression, may aid in separating these two entities. We also contend that the macroscopic presence of multiple, myxoedematous, serosal polyps should strongly suggest a diagnosis of plexiform fibromyxoma as opposed to GIST or myoid spindle cell lesions.
